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Abstract

Background
Non-syndromic cleft lip and palate (CLP) is one of the most common craniofacial malformations. The purpose of this study was to assess the
dental arch relationships in 5-year-old children with non-syndromic unilateral cleft lip and palate (UCLP) and to compare the results with the
data published by other cleft centers.

Methods
The models of forty-six patients with unilateral cleft lip and palate taken at the age of �ve were scored. Neonatal cleft lip repair and one-stage
palatal closure at the age from 6 to 13 months were performed in all patients by the same surgeon according to the same protocol. The
outcomes of the dental arch relationships were assessed and categorized by three orthodontists experienced in cleft care; for scoring the 5 Year
Olds´ index was used.

Results
The mean score of the 5 Year Olds´ index was 2.42. Of all the patients, 57% belonged to groups 1 and 2 (good result), 24% to group 3 (fair
result), and 19% to groups 4 and 5 (poor result). These results were compared with the data published by other cleft centers. The outcomes of
our method were comparable to the results achieved by other cleft centers which followed different surgical protocols.

Conclusions
The results of our study showed that neonatal cleft lip repair and one-stage palatal closure lead to satisfactory maxillary growth and interdental
relationships.

Background
Orofacial clefts are one of the most common craniofacial birth defects. They can occur as part of Mendelian syndromes or, in the majority of
cases, as isolated nonsyndromic events [1]. This complex disorder is caused by the interaction of multiple genetic and environmental risk
factors. The defects include unilateral or bilateral cleft lip, isolated cleft palate or cleft lip and palate. The main treatment goals for children with
cleft lip and palate are to harmonize the growth of the maxilla, achieve good interdental relationships, enable correct speech and, last but not
least, an ideal aesthetic result. To reach this, a multidisciplinary team of specialists should take care of these children from the day of their birth
to their adulthood.

The �rst part of the treatment is, most commonly, surgery of the lip followed by surgery of the palate. This part of the treatment is essential for
the future outcome of maxillary growth. The timing of the operation differs according to protocols used in the individual cleft center. According
to the literature, the closure of the lip can be performed neonatally [2, 3], at three months of age [4] or even later [5]. The guidelines of the
American Cleft Palate Craniofacial Association suggest that the operation of the lip should be performed as early as the surgical repair is
considered safe for the infant, however, precise guidelines for the timing of the lip defect operation do not yet exist. The presence of an
experienced pediatric anesthesiologist during the operation is highly recommended/required (American Cleft Palate-Craniofacial Association,
2018).

The neonatal surgical approach has a series of bene�ts not only for the newborns but also for their families [6, 7]. First, the neonatal operation
of the lip leads to the improved appearance of the surgical scars and better wound healing due to the elevated levels of hyaluronic acid in the
neonatal period [8]. Moreover, after closure of the lip defect the feeding of the newborn is easier and, most importantly, a stronger
maternal/infant relationship can be built [9].

Several methods for the evaluation of dental occlusion in patients with unilateral cleft lip and palate for the assessment of the primary surgical
outcome have been published [10]. In 1987, Mars et al. introduced the Goslon (Great Ormond Street, London and Oslo) Yardstick Index for the
evaluation of interdental relationships at the age of ten years [11], In 1997, Atack introduced the 5 Year Olds´ index which allows an earlier
assessment of dental occlusion in children with CLP [12].

The aims of this study were to evaluate the dental arch relationships and the effect of the surgery carried out according to the protocol of the
Department of Pediatric Plastic Surgery, University Hospital Brno for the growth of the maxilla in �ve-year-old children, who underwent cleft lip
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repair at a neonatal age and one-stage palatal closure at the age of 6–13 months, and to compare our results with the data published by other
cleft centers worldwide.

Methods
The models taken from 46 subjects with non-syndromic unilateral cleft lip and palate (UCLP), born in the Czech Republic between 2009 and
2013, who underwent the operation at the Department of Pediatric Plastic Surgery, at the University Hospital Brno, were assessed in this study.
The surgical protocol followed was the neonatal operation of the lip (2-28 days of life) and one-stage palatal closure performed between 6 and
13 months of age. The surgical part of the treatment was carried out by one experienced plastic surgeon (Vokurkova, MD).

The inclusion criteria were: children born with unilateral cleft lip and palate, having dental records at �ve years of age, and who had no active
orthodontic treatment or secondary alveolar bone grafting till that time point. All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards (1G/2017). The study was supported by the project MUNI/A/1428/2019. Informed
consent was obtained from all parents of the children included in the study. Speci�c informed consent to publish the information/images was
signed. The patients with other types of clefts, and those with associated syndromes or who had been previously submitted to any active
orthodontic or orthopedic procedure were excluded from the study.

The 5 Year Olds´ index is one of the most commonly used tools to assess surgical outcome in UCLP at the age of �ve years (Table 1). The index
was adapted for deciduous dentition by Atack [12] who based it on the Goslon Yardstick index used for late mixed dentition in ten-year-old
patients [11]. This 5-point scoring system allows to assess the dental arch relationships in the sagittal, vertical and transversal dimensions and
predict a long-term outcome in each patient from a score of 1 (excellent) to 5 (very poor):

Score 1: Positive overjet with average inclined or retroclined incisors with no crossbite or open bite and a good maxillary shape and palatal
vault anatomy.

Long-term outcome: excellent

Score 2: Positive overjet with average inclined or retroclined incisors, unilateral crossbite or crossbite tendency, with or without open bite
tendency around the cleft site.

Long-term outcome: good

Score 3: Edge to edge bite with average inclined or proclined incisors or reverse overjet with retroclined incisors. Unilateral crossbite with or
without open bite tendency at the cleft site.

Long-term outcome: fair

Score 4: Reverse overjet with average inclined or proclined incisors. Unilateral crossbite, with or without bilateral crossbite tendency, with or
without open bite tendency around the cleft site.

Long-term outcome: poor

Score 5: Reverse overjet with proclined incisors, bilateral crossbite and poor maxillary arch from palatal vault anatomy.

Long-term outcome: very poor

Table 1. The 5 Year Olds´ index scoring system.
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Dental models in printed and scanned forms imported into a digital imaging software program (OrthoCad) were used for the assessment
(Figure 1). The dental records and impressions of both jaws were obtained at the Orthodontic Department, Clinic of Dentistry at St. Anne’s
Faculty Hospital, Brno. Each model was randomly assigned a code to anonymize the patients´ records. The evaluation was performed by three
experienced orthodontists at two different time points. Prior to this, each examiner was familiarized with the use of the 5 Year Olds´ index so
that any systematic bias could be prevented.

 The results of this study were compared with the outcomes published by other cleft centers worldwide. The search of the data was made
through the Medline database and by applying a custom date range from 1997 till 2019. By using the key words “the 5 Year Olds´ index”, “cleft
lip and palate”, and “dental arch relationships”, 95 articles were identi�ed and thirteen studies ful�lled the required criteria: the evaluation of
dental arch relationships in �ve-year-old children with non-syndromic unilateral cleft lip and palate.

Statistical analysis

The obtained data was described as the absolute and relative frequencies and expressed using the mean, standard deviation (SD) and median.
The intrarater reliability was assessed by Cohen´s kappa. The interrater reliability of three examiners was measured using Fleiss´ kappa. The
agreement between two examiners was assessed using Cohen´s kappa with 95% con�dence intervals (95% CI). Cohen suggested the Kappa
result to be interpreted as follows: values ≤ 0 as indicating no agreement and 0.01–0.20 as none to slight, 0.21–0.40 as fair, 0.41– 0.60 as
moderate, 0.61–0.80 as substantial, and 0.81–1.00 as almost perfect agreement. (Mary L. McHugh Interrater reliability: The kappa statistics,
Biochem Med 2012). The agreement between the determined measurements was also expressed in terms of relative frequencies with 95% CI.
IBM SPSS Statistics for Windows, Version 23.0 statistical software was used for statistical processing. Armonk, NY: IBM Corp.

Results
The models of totally 46 patients were assessed; the subjects´ mean age at the time of taking the dental impressions was 5.3 years old. Among
the selected subjects, 35 patients were boys (72.9%); the unilateral cleft lip and palate affected the left side in 70% of the children included in
the study. The mean age at the time of the cleft lip surgery was 6.7 days and the mean age of the palatal surgery was 7.5 months.

The evaluation of the 5 Year Olds´ index was performed by three experienced orthodontists at two different time points. The intrarater
agreement between the �rst and second measurement achieved by each examiner was from 0.614 (third examiner) to 0.648 (second examiner),
which means substantial agreement. The examiner 2 had the highest agreement rate, the �rst and the second measurements were in agreement
in 73.9 % patients. Examiners 2 and 3 achieved agreement in 71.7% of cases between the �rst and second measurements (Table 2).
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The total interrater agreement achieved by all the three examiners was more than substantial, as represented by the Fleiss´ kappa values of
0.836 and 0.873 in the �rst and second measurements, respectively (data not shown). 

Of all the patients, 57% were rated as belonging to groups 1 and 2 with an excellent and good prognosis, 24% to group 3 with a fair prognosis
requiring more complex orthodontic management, and 19% to groups 4 and 5 with a predicted need of orthognathic surgery in the future (Figure
2). The mean score of the 5 Year Olds´ index was 2.42 (± 1.04 SD) and the median value was 2.0.

The results of our study were compared with the outcomes of other cleft centers worldwide with different surgical protocols (Table 3). The
treatment protocol, neonatal cleft lip repair and one-stage palatal closure, which we follow in our cleft center, produced the index score that
approximated the results achieved by other cleft centers (Figure 3).

Table 2: Intrarater agreement of score 1 and score 2 determined by three experienced orthodontists:

Score Examiner 1 Examiner 2 Examiner 3

Score 1 Score 2 Score 1 Score 2 Score 1 Score 2

Count % Count % Count % Count % Count % Count %

1 10 21.7 9 19.6 10 21.7 9 19.6 8 17.4 10 21.7

2 14 30.4 19 41.3 15 32.6 18 39.1 18 39.1 17 37.0

3 14 30.4 12 26.1 12 26.1 11 23.9 11 23.9 12 26.1

4 7 15.2 5 10.9 8 17.4 7 15.2 8 17.4 6 13.0

5 1 2.2 1 2.2 1 2.2 1 2.2 1 2.2 1 2.2

Mean 2.46   2.35   2.46   2.41   2.48   2.37  

SD 1.07   0.99   1.09   1.05   1.05   1.04  

Median 2   2   2   2   2   2  

Statistics Kappa value (SE); 95% CI Kappa value (SE); 95% CI Kappa value (SE); 95% CI

0.616 (0.090); 0.435-0.797 0.648 (0.086); 0.475-0.821 0.614 (0.090); 0.433-0.795

Agreement (95 % CI) Agreement (95 % CI) Agreement (95 % CI)

71.7 % (56.5 % - 84.0 %) 73.9 % (58.9 % - 85.7 %) 71.7 % (56.5 % - 84.0 %)

SE – standard error; 95% CI – 95% con�dence interval

Table 3. The 5 Year Olds´ index and comparison to other cleft centers
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Article
no.

Author, year of
publication

Country No. of
patients

Sample Mean age of
patients(yrs)

Score
1

(%)

Score
2

(%)

Score
3

(%)

Score
4

(%)

Score
5

(%)

Mean
score

1 Williams,
2001(Williams et al.,
2001)

United
Kingdom

223   5.0 5 24 34 18 19 3.20

2 DiBiase , 2002a

(Dibiase et al., 2002)
Canterbury,

United

Kingdom

44   5.6 16 41 29.50 9 4.50 2.45

3 Bongaarts, 2004a

(Bongaarts et al.,
2004)

The
Netherlands

44   4 30 45 23 2 0 1.97

4 Inese Maulina, 2004a

(Maulina et al., 2004)
Latvia 35   5.7 3.10 59.40 12.50 21.80 3.10 2.60

5 Flinn, 2005b (Flinn et
al., 2005)

US+Europe 118(3
centers)

A

B

C

5.3

5.3

5.9

33.33

30.30

21.59

38.62

33.33

37.50

21.55

29.80

24.62

3.25

6.57

10.61

3.25

0

5.68

2

2.10

2.40

6 Mars, 2006a (Mars et
al., 2006)

United
Kingdom

94   5 20 52 27 1 0 2.10

7 Clark, 2006a (Clark et
al., 2006)

Bristol,
United
Kingdom

30   5.6 20 37 27 13 3 2.43

8 Suzuki, 2006 (Suzuki
et al., 2006)

Japan 136   5 11 18.40 40.40 25 5.20 2.95

9 Lilja, 2006a (Lilja et
al., 2006)

Sweden 94   5 20 57 26 2 0 2.20

10 Wojtaszekslominska,
2010c

(Wojtaszekslominska
et al., 2010)

Poland 120 A

B

5.3 0

41

18

22

41

25

16

8

25

4

3.50

2.10

11 Pereira, 2011a

(Pereira et al., 2011)
Brazil 45   4 11.10 33.30 40 13.40 2.20 2.62

12 Southall, 2012
(Southall et al., 2012)

Australia 66   6.0 2 18 45 32 3 3.17

13 Kajii, 2013 (Kajii et
al., 2013)

Japan 135   6.9 2 12 64 16 6 3.13

12 Rousi (presented
study)

Czech
Republic

46   5.3 57 24 19 2.42

a Approximated 5 Year Olds´ Index from the graph.

bCentre A and C: no presurgical orthopedics, Centre B: presurgical orthodopedics (passive plate)

cCentre A: early gingivoperiosteoplasty, Centre B: no gingivoperiosteoplasty

Discussion
The outcomes of the cleft surgery are variable and depend on many factors. First of all, the quality of the tissues and the size of the cleft play
an important role in how the surgery affects the growth of the maxilla [13]. According to the Eurocleft project, the experience of the surgeon and
the facilities of the center where the operation is performed are critical [14].

In 2006, our cleft center in Brno introduced a new surgical protocol: the neonatal operation of the lip and palatal closure performed on patients
before reaching one year of age. This surgical approach is also followed in some other countries [15]. The timing of cleft lip repair continues to
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be debated; it varies according to the protocol of the respective centers. Operating on the lip in the neonatal period, due to the high elasticity of
the tissues, can work as a natural nasoalveolar molding, helping the two alveolar segments to get closer [16].

The hypothesis that anesthesia in the neonatal period can be more dangerous than when administered at the age of three months may be one
of the reasons for some centers not to repair the lip neonatally. However, major advances have been made in neonatal anesthesia and surgery,
and more recent studies have indicated that an anesthesia itself does not convey a greater additional risk in the neonatal period than at three
months in patients without risk of complications [17, 18]. Pediatric anesthetic and intensive care support in a specialized center are necessary,
and close postoperative monitoring is required [19, 20]. A recent study evaluating whether the general anesthesia in early infancy affects
neurodevelopmental outcomes demonstrated that children who underwent anesthesia in infancy, started school life with no
neurodevelopmental risk factors [21].

A study carried out in the Czech Republic by Petráčková et. al who compared the outcomes of two groups of patients with clefts who were
operated on neonatally and at a later time showed that the earlier anesthesia did not have a negative impact on the intelligence quotient
compared to later anesthesia. Moreover, the earlier cleft lip repair showed a signi�cantly positive impact on the psychosocial development of
some children [22].

Regardless of the timing of the surgery, either neonatally or later, surgical treatment of children with unilateral cleft lip and palate will always
have an effect on the growth of the maxilla and interdental relationships. As a natural consequence, a surgical intervention leaves scar tissue
which restricts the physiological growth of the jaws [23, 24, 25].

It is desirable to assess the outcome of the primary surgery as early as possible so that the effects of the timing and the surgical techniques
can also be evaluated [11]. Besides dental models, several other methods exist for the assessment of dental occlusion such as lateral
cephalograms, photographs of study models or even extraoral photographs. The accuracy of extraoral photographs for evaluating the growth
of the maxilla has been questioned [26]. However, the use of intraoral photographs for the evaluation of the interdental relationships has been
accepted [27].

The 5 Year Olds´ index according to Atack is a simple, useful and well-known method for the assessment of maxillary growth and dental
occlusion, “clean“ from any secondary interventions such as orthodontic or orthopedic treatment or secondary alveolar bone graft surgery. This
index allows the assessment of the surgical outcome at the age of �ve years. The 5 Year Olds´ index has been proven as a reliable method for
the evaluation of the interdental relationships and comparison of the results between different cleft centers [12]. Moreover, by using this index
the need for early treatment in young children can be identi�ed.

In this study, the 5 Year Olds´ index demonstrated favorable outcomes of neonatal cleft lip repair and one-stage palatal closure carried out at
the age from 6 to 13 months: 57% of cases will require only simple orthodontic treatment, 24% will need more complex orthodontic treatment
and 19% will require orthodontic-surgical treatment. It is important to emphasize that prior to the time of the assessment, none of the patients
had received any orthodontic or orthopedic treatment.

These favorable results may be due to the fact that all the operations were always performed by one surgeon using the same surgical protocol
in all subjects [28]. The surgeries were carried out with the presence of experienced pediatric anaesthesiologists and support of a modern
pediatric intensive care unit. The Eurocleft study [29, 30, 31] showed that the centers that follow the same protocol of long-term care and have a
small number of skilled plastic surgeons demonstrate the best outcomes.

The comparison of the results of our study with those reported by other cleft centers employing different protocols showed that neonatal cleft
lip repair and one-stage palatal closure led to satisfactory results in �ve-year old children, only with a minimal number of patients with poor
long-term outcomes. However, the impact of the surgery on the growth of the jaws must also be assessed at older ages, particularly in the peak
growth period at the age of 12–14 years [32].

In conclusion, we believe that the neonatal approach performed by skilled plastic surgeons in the centers experienced in neonatal surgery leads
to satisfactory results in patients with UCLP without severe risks of complications.

Conclusions
1. The 5 Year Olds´ index is a reliable, simple and quick method for the assessment of interdental relationships.
2. Most of the patients assessed in this study belonged to groups 1 and 2 (excellent and good prognosis).
3. A very low number of patients belonged to groups 4 and 5 (poor prognosis).
4. Our study showed that neonatal cleft lip repair and one-stage palatal closure leads to satisfactory maxillary growth and interdental

relationships, our outcomes are comparable with those achieved by other cleft centers employing different protocols.
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Figures

Figure 1

Scanned dental models. The 5 Year Olds´ index score 1

Figure 2

Graphic representation of the percentages in each 5 Year Olds´ index group
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Figure 3

Comparison of 5 Year Olds´ index mean score with published reports of other cleft centers


